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Superovulation of Cows by Initiating FSH Treatments During the First Few Days After
Estrus
AndrewJ. RobertsandSherrillE.Echternkampl
Introduction
Superovulation of cattle is a technique being used in conjunction with embryo transfer to expedite the propagation of
animals with genetic merit for desirable traits. Briefly, these
techniques involve the induction of multiple ovulations during one estrous cycle by administering multiple injections of
a hormone called follicle stimulating hormone (FSH). Under
ideal conditions this treatment will result in multiple
embryos. These embryos can then be collected from the
cow and transferred to recipient cows of lesser value, which
act as surrogate dams. These techniques allow the production of many calves from one cow within a year as opposed
to the normal rate of one calf per cow per year.
One major problem often associated with superovulation
of cows has been the large variation in the number of ovulations and(or) embryos that result from this treatment. In
standard superovulation protocols, injections of FSH are
usually initiated during the middle of the estrous cycle (9 to
12 days after estrus). Recent research provides evidence
that the large variation in superovulation response may be
due in part to the variation in the development of follicles
present on the ovaries when treatment with FSH is initiated.
Some researchers speculate that the presence of a large
follicle on the ovaries of a cow may suppress the ability of
FSH to induce the development of other follicles, thereby
decreasing the number of follicles that mature and ovulate
in response to FSH. One possible approach to overcome
this problem would be to begin FSH treatments during the
first few days after estrus when the population of follicles on
the ovaries is less variable and consists mainly of small follicles. Therefore, it was the objectives of the following experiments to 1) determine an appropriate dosage of FSH to use
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when superovulating cows during the early stage of the
estrous cycle and 2) evaluate whether or not treatment with
FSH during the early stage of the estrous cycle (within the
first few days after estrus) would result in better superovulation responses that were less variable than standard superovulation protocols that initiate treatment with FSH during
the middle of the cycle.
Procedures and Results

The objective of Experiment 1 was to compare the superovulation response in cows that were treated with different
dosages of FSH (Schering-Plough Animal Health) beginning
one to four days after estrus. Results from this study would
then be used to compare superovulation responses in cows
treated early in the cycle to cows treated in the middle of the
cycle (Experiment 2). Injections of FSH were given twice
daily (morning and evening) for five days. The amount of
FSH given in each injection on each of the five days of
treatment was 5, 5, 4, 3, and 3 mg for a total of 40 mg over
the 5-day period for cows in the Low dosage treatment
group and was 7, 6, 5, 4, and 3 mg for a total of 50 mg over
the 5-day period for cows in the High dosage group. An
injection of prostaglandin (Lutalyse, Upjohn Co.) was given
at the last FSH injection and again the next morning to bring
cows into heat. All cows were then bred by bulls and
slaughtered six to eight days later. The reproductive tracts
were collected and flushed to recover embryos. During the
second or third day of FSH treatments, three cows from the
Low group were mistakenly injected with doses of FSH
scheduled for the High group. Therefore these three cows
received a higher dose than scheduled. Results from these
three cows were analyzed separately and are designated as
the Mix group. Results from this experiment are summarized in Table 1.

Table 1-Summary of ovarian response and embryo production In cows treated with different levels of FSH during
the early stage of the estrous cycle
FSHDose

Number cows treated
Number cows with >2 ovulations
Number of ovulations.
Range in ovulations.
Number unfertilized ova.
Number transferable embryos.
Total number of ova and embryos.
.

Values represent

High

Mix

9
5
19:1: 3.7
15-34
7.6:1:4.6
6.6 :I:2.4
16.6:1:2.4

12
7
25:1:9.2
4-34
5.8:1:2.6
4.4:1:2.7
11.6 :I:2.8

3
3
44:1:2.8
38-47
2.3:1: 1.9

the mean:!: SE or range from animals wnh more than two ovulations.

b Values are statistically

80

Low

different

from the Low and High dose.

25.6 :I: 5.2b

34:1:5.1b

The recovery rates of embryos and ova (Le., the number
of ova and embryos recovered divided by the number of ovulations for each cow) were 87, 64, and 78% for the Low,
High and Mix groups, respectively. No differences for any of
the parameters measured were observed between the Low
and High dosages. However, more transferable embryos
were obtained from the Mix group than from either the Low
or High treatment groups. In addition, there was a very consistent superovulation response in the Mix group. These
results provide preliminary evidence that superovulation may
be best achieved by adniinistering FSH in such a way that
the dosage of FSH increases over the first few days and
then declines, as opposed to the standard superovulation
protocol that utilizes a declining dosage of FSH overtime.
All the treatments used in this experiment resulted in
respectable ovulation rates. However, the number of transferable embryos or embryos that would have been suitable
for transfer to recipient cows was much lower than the ovulation rates achieved, especially in the Low and High groups.
Because the total number of embryos and ova recovered
were generally high incomparison to the number of transferable embryos, conditions in this study may not have been
favorable for optimal embryo development. Although no definite causes have been determined at this time, it is speculated that changes in circulating levels of estrogen resulting
from the superovulation treatment may have contributed to
the low proportion of transferable embryos obtained.
Superovulation treatments increase the levels of circulating
estrogen, because estrogen is produced primarily by large
follicles and the number of large follicles is increased by
FSH. Normally when cows are superovulated during the
midcycle (9 to 12 days after estrus), any negative effects that
sustained high levels of estrogen may have on the reproductive tract prior to breeding would probably be prevented by
the high circulating levels of progesterone that occur during
this stage of the cycle. However, during the early stages of
the cycle, progesterone levels are very low and therefore
high levels of estrogen may adversely affect the reproductive
tract during this time, thereby interfering with subsequent
development of embryos. Support for this speculation is provided by the fact that five cows from the Low group and
seven cows from the High group were observed in heat after
the second or third day of FSH treatment indicating that
estrogen levels were elevated. In standard superovulation
treatments administered in the middle of the cycle, cows do
not generally show signs of heat. One possible method to
overcome the adverse effects of sustained high levels of
estrogen during the early stage of the cycle would be to give
progesterone to cows during the FSH treatment.
Results from this experiment provided preliminary evidence that superovulation may be best achieved by administering increasing doses of FSH during the first few days
and then decreasing the dose over the remainder of the
treatment. In addition, it was speculated that treatment with
progesterone or a progesterone-like
substance may
increase the number of transferable embryos by overriding
the negative effects that prolonged high levels of estrogen
may have on the reproductive tract in the absence of high

progesterone. Therefore, these conditions were used in the
following experiment to determine if greater numbers of
transferable embryos could be obtained.
Experiment 2 compared the superovulation responses in
19 cows that were treated with FSH beginning on 1 or 2
days after estrus (designated as Early cycle group) to 25
cows treated with FSH beginning on day 10 or 11 after
estrus (designated as Midcycle group). Cows used in this
study were stratified by breed (Braunvieh, Gelbvieh,
Simmental, Pinzgauer, MARC I, MARC II, MARC III, and
crossbred cows from the twinning herd) and by age (3 to 10
years) within the two groups. The dosage of FSH given
during each injection on each of the 5 days of treatment
were 5, 6, 4, 3 and 3 mg for a total of 42 mg over the 5 day
period. In addition, cows in the Early cycle group were
implanted with a Norgestomet implant (Syncro-Mate-B,
Sanofi Animal Health) on the first day of FSH treatment.
Because Norgestomet is a progesterone-like substance, it
was expected that the implant may reduce the negative
effects that high levels of estrogen during FSH treatment
may have on the reproductive tract in the early stage of the
cycle when progesterone levels are low.
On the day before FSH injections were initiated the
ovaries of each cow were visualized by ultrasonography to
determine whether the size of follicles present on the
ovaries of cows in the Early and Midcycle groups were different. An injection of 1 mg fenprostalene (Bovilene,
Syntex) was given at the last FSH injection and again the
next morning to bring cows into heat. Implants were
removed from the Early group at the time of the second
Bovilene injection. Cows were artificially inseminated at 12
and 24 hours after first observed in standing heat. Cows
that were not seen in heat were artificially inseminated at 72
and 84 hours after the first fenprostalene injection. All cows
were slaughtered 6 to 8 days after breeding and their reproductive tracts were flushed to recover embryos. The number of cows observed in heat and ovulating in this experiment are summarized in Table 2.
Table 2-Response of cows to treatment with FSH In
the Early and Mldcycle of the estrous cycle
Treatment
group

Early cycle
Midcycle

Number of
treated cows

Number
in heat

ovulating

Number

Number with
>2 ovulations

19
25

7
12

9
9

6
5

No differences between the two groups were observed
for any of the above parameters.
The number of cows
exhibiting estrus and ovulating was unusually low. The reasons for this are not clear. However, in the previous experiments, Lutalyse was used instead of Bovilene.
To determine if the superovulatory response was different
between the two groups, the data for those cows which had
more than two ovulations were evaluated. Table 3 summarizes ovulation rates and the number of ova and embryos
obtained from the two treatments.
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Table 3-Ovulatlon response and embryo production In cows treated with FSH In the Early
and Mldcycle of the estrous cycle
Treatment

Number of cows with >2 ovulations
Number of ovulations.
Range in number of ovulations.
Number unfertilized ova.
Number transferable embryos.
Total number ova and embryos.

.

group

Earlycycle

Midcycle

6
26 :t 6.28
15-55
2:t .44
8.O:t3.59
13.33 :t 3.2

5
49.6 :t 25.8
12-150
5.8 :t 4.57
5.4:t 1.54
14.4 :t 3.36

Values represent the mean :t SE or range from animals with more than two ovulations.

The recovery rate of ova and embryos obtained per ovulation was 59% and 51% for the Early and Midcycle groups,
respectively. Treatment of cows in the Early cycle group
with the Norgestomet implant appeared to prevent cows
from showing heat during the FSH treatment and the proportion of transferable embryos collected per ovulation or
per total number of embryos in this group was not different
from those obtained in cows treated in Midcycle. However,
the proportion of transferable embryos collected in the Early
cycle was very similar to the Mix group in Experiment 1.
Therefore, it is questionable whether the implant had any
beneficial effect on embryo development. In addition, the
consistency of the superovulation response observed in the
Mix groups of Experiment 1 was not observed in this experiment. Therefore, the fashion in which FSH was administered (I.e., increasing dosages followed by decreasing
dosages) may not be advantageous over the standard
declining dosage procedure. Although the average number
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of transferable embryos was numerically higher in the cows
treated with FSH early in the cycle, no statistical differences
were observed for any of the parameters evaluated, except
that the largest follicles on the ovaries of cows before FSH
treatment were smaller in the Early cycle group than in the
Midcycle group.
Results from these experiments do not demonstrate any
advantage of superovulating cows during the early stage of
the cycle. However, the small number of animals that had
multiple ovulations in Experiment 2 prohibits any firm conclusions from this study. Future studies will focus on evaluating the superovulation response in cows treated in a similar fashion as in Experiment 2, except that cows will be
injected with Lutalyse after the FSH treatment instead of
Bovilene to try to increase the number of cows that exhibit
estrus, thereby allowing a more thorough examination of
these superovulation procedures.

